Interleukin (IL)-6 blockade is an effective treatment for rheumatoid arthritis (RA), and synovial fibroblasts are a major IL-6 producer in the inflamed joint. We found that human RA and osteoarthritis (OA) synovial fibroblasts derived from independent donors reproducibly segregated into low, medium, and high IL-6 producers, independent of stimulus, cell passage, or disease state. IL-6 expression pattern correlated strongly with total mRNA expression, not mRNA stability, suggesting transcriptional rather than posttranscriptional regulation. High-fibroblast IL-6 expression was significantly associated with the IL-6 proximal promoter single nucleotide polymorphism (SNP) rs1800795 minor allele (CC) genotype. In contrast, no association between this SNP and IL-6 production was detected in CD14
+ monocytes, another major producer of synovial IL-6. Luciferase expression assays confirmed that this SNP was associated with differential IL-6 expression in fibroblasts. To date, several association studies examining rs1800795 allele frequency and disease risk have reported seemingly conflicting results ranging from no association to association with either the major or minor allele across a spectrum of conditions, including cancer and autoimmune, cardiovascular, infectious, and metabolic diseases. This study points to a prominent contribution from promoter genetic variation in fibroblast IL-6 regulation, but not in other IL-6-producing cell types. We propose that some of the heterogeneity in these clinical studies likely reflects the cellular source of IL-6 in specific diseases, much of which may be produced by nonhematopoietic cells. These results highlight that functional analysis of disease-associated SNPs on gene expression and pathologic processes must consider variation in diverse cell types.
IL-6 | genetic polymorphism | fibroblasts | monocytes T he joint synovium is a delicate tissue that lines the articular cavity and produces synovial fluid, which nourishes cartilage and lubricates joint motion. The synovium has a structurally unique lining layer that contacts the synovial fluid and is comprised of a mixture of synovial fibroblasts and macrophages (1) . In the normal joint, synovial macrophages function to clear debris through phagocytosis, whereas synovial fibroblasts remodel connective tissue and secrete the joint lubricants hyaluronan and lubricin. In rheumatoid arthritis (RA), autoimmune activation drives marked synovial lining hyperplasia, a classic hallmark of this disease. Synovial fibroblast hyperplasia is particularly critical to disease development. Synovial fibroblasts can directly invade cartilage, independent of the immune response (2) , and loss of the cell adhesion molecule cadherin-11 on synovial fibroblasts blocks both inflammation and cartilage erosion in a mouse inflammatory arthritis model (3) .
In RA, synovial fibroblasts stimulate disease development both through direct cell-to-cell interactions and by secretion of many potent mediators that promote inflammation, cartilage degradation, bone erosion, and angiogenesis (4). In particular, synovial fibroblasts have been shown to be a major producer of the cytokine IL-6 (5). IL-6 is an important pleiotropic cytokine with diverse effects throughout the body, including stimulating acute phase responses, osteoclast differentiation, B-cell proliferation, and T-cell differentiation (6) . Development of effective anti-IL-6 receptor therapies for RA highlights its critical role in disease pathogenesis.
Preliminary observations with activated human synovial fibroblasts suggested a wide-ranging, donor-dependent IL-6 response to inflammatory stimuli such as tumor necrosis factor (TNF)-α or IL-1. Regulation of IL-6 expression is complex and involves interactions between transcriptional factors, including NF-κB and CCAAT/ enhancer-binding protein (C/EBP)-β (7-9). IL-6 mRNA stability is also posttranscriptionally regulated through AU-rich response elements and other factors (10, 11) . Finally, genetic and epigenetic factors such as promoter single nucleotide polymorphisms and DNA methylation may also contribute to IL-6 expression (12) (13) (14) (15) . The objective of this study was to define the heterogeneity in human synovial fibroblast IL-6 responses and to better understand the factors regulating this heterogeneity. We show that synovial fibroblasts segregate into distinct IL-6 response patterns that are significantly associated with an IL-6 proximal promoter SNP, rs1800795, defining a genetic influence on fibroblast IL-6 expression that was not shared by other tested cell types.
Results

Synovial Fibroblasts from Different Donors Segregate Based on IL-6
Response. To test heterogeneity in IL-6 expression between synovial fibroblasts, we generated synovial fibroblasts from discard surgical specimens from 10 donors obtained at the time of knee replacement surgery. Fibroblasts from both RA and OA patients were isolated by serial passage, as described (16) . These lines were then thawed, cultured, and stimulated by TNF-α in a synchronized fashion to test the range of IL-6 response. After TNF-α stimulation, these lines reproducibly segregated into low, intermediate, and high IL-6 expression, based on mean IL-6 production in six separate experiments (Fig. 1A) . For all experiments, each cell line was also ranked for IL-6 expression by using a 10-point scale, from 1 (lowest Significance IL-6 is an important inflammatory cytokine and treatment target in rheumatoid arthritis. Genetic variation in the IL-6 proximal promoter is well-described, but its contribution to IL-6 regulation is uncertain. Numerous studies have shown contradictory associations between disease states and IL-6 promoter polymorphisms. Synovial fibroblasts are a major IL-6 producer in rheumatoid arthritis. We report a striking association between increased fibroblast IL-6 production and the IL-6 proximal promoter single nucleotide polymorphism rs1800795 minor allele genotype. In stark contrast, no association between human monocyte or HeLa cell IL-6 production and rs1800795 association was observed. These results point to fibroblast-specific pathways in IL-6 regulation and highlight that full understanding of the effects of genetic variation requires examination across cell types. expression) to 10 (highest expression). IL-6 response expressed as a function of rank revealed a strikingly linear pattern (Fig. 1B) , confirming that IL-6 expression levels are tightly regulated. Furthermore, IL-6 response did not segregate based on disease, because lines from both RA and osteoarthritis (OA) donors were found with low and high IL-6 expression. This segregation was stable over time, because the same response pattern was seen with sequential cell passages (Fig. S1) , and was different from the expression pattern seen for other important synovial fibroblast products such as matrix metalloproteinase (MMP)-3 ( Fig. 1C) or chemokine (C-C motif) ligand 2 (CCL2) (Fig. 1D) . Therefore, we decided to further explore this distinct regulation of synovial fibroblast IL-6 production.
IL-6 Response Pattern
Correlates with IL-6 Transcription. One mechanism that would explain the observed IL-6 expression pattern is TNF-α signaling strength differences between synovial fibroblasts. We, therefore, examined whether the pattern of IL-6 response was unique to TNF-α stimulation or shared by several stimuli. We compared mean IL-6 expression induced by TNF-α for each cell line against the mean IL-6 expression in several conditions: no stimulation (Basal, Fig. 2A ), IL-1β stimulation (Fig. 2B) , or LPS stimulation (Fig. 2C ). To ensure a suitable dynamic range for the inflammatory stimuli, stimulation doses were chosen that gave an ∼10-to 15-fold difference between the highest and lowest responder. We found that the pattern of IL-6 expression after TNF-α stimulation correlated significantly with the expression pattern in unstimulated cell and cells stimulated with IL-1β or LPS, suggesting that the dominant driver of the observed differences between these cell lines is not how IL-6 is induced.
Because the expression pattern differences were not specific to a single stimulus and, indeed, also were observed in unstimulated cells, we compared IL-6 mRNA expression with mRNA stability to distinguish whether the effect was predominantly through transcriptional or posttranscriptional regulation. When IL-6 rank or protein expression for each synovial fibroblast from the preceding experiments (Fig. 1B) was compared with the rank of IL-6 mRNA expression from a distinct set of experiments (Fig. 3A) , the two measures of IL-6 expression were highly correlated. IL-6 mRNA expression peaked at 24 and remained stable for 72 h after TNF-α stimulation (Fig. S2) , indicating that response differences were not due to altered mRNA kinetics. In contrast, when IL-6 mRNA stability was calculated by measuring IL-6 mRNA decay after actinomycin D transcriptional inhibition, mRNA half-life (t 1/2 ), was markedly similar across a selection of lower-and higher-producing cell lines (Fig. 3B) . Furthermore, primary unspliced IL-6 mRNA levels were also increased in highexpressing compared with low-expressing cell lines (Fig. S3 ). This correlation of protein response with total mRNA levels rather than mRNA stability implicates transcriptional, rather than posttranscriptional, factors in differential IL-6 expression among synovial fibroblasts.
Proximal Promoter SNP rs1800795 Is Associated with the Il-6 Response in Primary Human Fibroblasts but Not Monocytes. One mechanism that might account for transcriptional differences between synovial fibroblasts is genetic variation between donors. In fact, the IL-6 proximal promoter contains several SNPs. The best studied is rs1800795 (formerly known as -174G/C), which is located in the proximal promoter between the cAMP responsive element binding protein and C/EBP-β binding domains. Although the rs1800795 major G allele was first associated with increased systemic juvenile inflammatory arthritis prevalence and serum IL-6 levels (12), subsequent studies have shown conflicting associations between rs1800795 G/C alleles and IL-6 levels or disease risk across a spectrum of conditions (17) (18) (19) (20) . Despite its controversial role in IL-6 regulation, we expressed synovial fibroblast IL-6 production as a function of rs1800795 genotype. Strikingly, we found that the highest IL-6 expression was associated with the minor allele (C) homozygous genotype ( Fig. 4 A and B) . As a control, MMP-3 expression did not correlate with rs1800795 genotype (Fig. 4C) . This finding was then confirmed in an independent panel of 10 additional OA synovial fibroblast lines (Fig. 4D ). To test whether this effect was unique to synovial fibroblasts or was also seen in A B other primary human fibroblasts, we generated skin fibroblasts from discarded foreskin tissue. IL-6 expression in skin fibroblasts after TNF-α stimulation was also associated with rs1800795 genotype, with the minor allele homozygotes again showing the highest IL-6 production (Fig. 4E ). Finally, we tested whether the association between rs1800795 and IL-6 production was also seen in another cell type that contributes to synovial IL-6 expression. We isolated CD14 + monocytes from 18 donors chosen solely based on their rs1800795 genotype. After IL-1 stimulation, IL-6 production by CD14
+ monocytes did not correlate with rs1800795 genotype (Fig. 4F) . These results suggest that rs1800795 may be a cell type-specific IL-6 regulator, having profound effects based on the cell expressing IL-6.
IL-6 Promoter Activity Correlates with rs1800795 Genotype in Cell
Type-Specific Manner. To confirm that the DNA sequence containing different rs1800795 alleles directly regulates IL-6 promoter activity, we cloned a 2.1-kb proximal promoter segment from high-expressing rs1800795 "CC" fibroblasts (OA6) and lowexpressing rs1800795 "GG" fibroblasts (OA502) into a luciferase expression vector. As expected (21), rs1800795 was in linkage with other known polymorphisms in the IL-6 promoter, specifically SNP rs1800797 (also known as -597G/A) and an AT run between the two SNPs (rs200115396). Surprisingly, we identified a CT deletion ∼1,300 bp upstream from rs1800795 in the "GG" fibroblast sequence. This site corresponds to former variant rs32615820, which was recently deleted from the reference database for mapping errors. We then sequenced 16 donors of defined rs1800795 genotype and found this variation in linkage disequilibrium with rs1800795, with the major "GG" allele associated with the deletion (Table S1 ). Therefore, the cloned fragment containing the rs1800795 "C" sequence was associated with "rs32615820" CT addition, rs1800797 "A" allele, and an eight A twelve T (A 8 T 12 ) run [construct pOA6_(+CT)AA 8 T 12 C)]. In contrast, the rs1800795 "G" sequence was associated with "rs32615820" CT deletion, rs1800797 "G" allele and an A 9 T 11 run [construct pOA502_(-CT)GA 9 T 11 G].
Higher promoter activity was observed with the rs1800795 "C" sequence compared with the "G" when these constructs were transfected into synovial or dermal fibroblasts (Fig. 5A) . These results directly confirmed the results seen with IL-6 expression across fibroblasts from different tissues, with highest production seen in fibroblasts homozygous for the CC minor allele. In (Fig. 5B) . These promoter activity assays point to an important effect for genetic variation in regulating fibroblast IL-6 expression that is not shared by the other tested IL-6-producing cell types. (22) . We used these databases to identify possible epigenetic factors involved in fibroblast IL-6 regulation. Previous studies suggested that DNA methylation differences at single CpG sites altered IL-6 expression in RA patient monocytes, although this difference was not associated with rs1800795 genotype (14, 15) . Because no data were available for adult fibroblasts or monocytes, we used other cell lines and tissues and confirmed that the IL-6 promoter is largely unmethylated proximally, whereas heavily methylated distally (Fig. S4A) . We then compared IL-6 expression by RNA sequencing to methylation levels at individual sites ( Fig. S4A ) and to the average methylation fraction across the proximal promoter (Fig. S4B) . We found poor correlation between expression and methylation, consistent with the recent 111 human epigenome analysis showing that methylation patterns tend to poorly predict gene expression independent from other DNA modifications and binding proteins (22) . DNase hypersensitivity, histone methylation, and transcription factor binding data for the IL-6 promoter was then compared between adult human lung and skin fibroblasts and CD14 + monocytes to identify fibroblast-specific epigenetic factors that may be influenced by promoter genetic variation. We found striking differences between fibroblasts and monocytes (Fig. 6 ). Chromatin state algorithms predict fibroblasts are characterized by active IL-6 promoters [flanking active and active transcription start sites (TSS)], whereas monocytes are inactive or poised (flanking bivalent TSS/enhancer). Monocytes had reduced amounts of open chromatin (DNase hypersensitivity) compared with fibroblasts. Monocytes also had histone epigenetic modifications predictive of silenced genes poised to rapidly respond to stimulation, showing increased histone H3 lysine 4 (H3K4) methylations associated with gene transcription and enhancers [H3K4 monomethylation (H3K4me1), H3K4 dimethylation (H3K4me2), and H3K4 trimethylation (H3K4me3)] and increased H3 lysine 27 trimethylation (H3K27me3) associated with gene silencing. In contrast, fibroblast promoters displayed reduced H3K27me3 binding and increased binding of the transcriptional insulator and chromatin modifying transcription factor CCCTC-binding factor (CTCF). Significant H3K9me3, H3K20me1, and H3K79me2 binding was also not detected (fold change over input <3).
IL-6 Promoter Epigenetic Analysis Shows Distinct Differences Between
We then tested whether differences in chromatin accessibility, histone methylation, or CTCF binding at the IL-6 promoter were associated with fibroblast rs1800795 genotype. The synovial fibroblast IL-6 promoter was highly accessible, even in the unstimulated state, and was not influenced by rs1800795 genotype (Fig. 7A) . Similarly, chromatin immunoprecipitation (ChIP) for H3K4me3, H3K27me3, and CTCF confirmed the binding pattern predicted by epigenetic analysis (Fig. 6 ), but did not show any changes associated with IL-6 promoter genotype either basally (Fig. S5) or after TNF-α stimulation (Fig. 7 B-D) .
Discussion
Genetic association studies have provided tremendous insight into the diversity of genetic factors contributing to the risk of acquiring a complex genetic disease. They also highlight current limits to our understanding about how genetic variation causes disease. Taking RA as an example, there are now 101 identified genetic loci associated with RA. Strikingly, these currently identified loci account for less than half the genetic risk, with the HLA shared epitope accounting for 12% and the non-HLA loci accounting for an additional 5% of the total variance (23) . The missing heritability is thought to arise from several factors, including epigenetic changes, gene-environment interactions, rare genetic variants, and common variants with effect sizes below current detection limits (24) . In addition, with a few exceptions, how these loci contribute to disease is not understood. In this study, we show that common promoter polymorphisms strikingly regulate IL-6 expression fibroblasts, but not other cells, pointing to cell type-specific effects as an additional level of complexity.
IL-6 is a pathogenic cytokine in rheumatoid arthritis and other diseases, as proven by the efficacy of IL-6 blockade as a treatment agent. Several genetic polymorphisms near the IL-6 gene have been extensively studied as obvious targets for disease risk. However, despite numerous studies, how these variants affect IL-6 expression or disease is not clear. In RA, no IL-6 locus SNPs are associated with disease risk in genome-wide association studies (24, 25) . However, smaller studies show associations between IL-6 promoter SNPs and different disease aspects, including cardiovascular risk (26, 27) , progression to joint deformities (28) , and treatment responses (29) (30) (31) . Adding to the confusion, the reported associations do not clearly track with one polymorphic allele. For rs1800795, sometimes the major allele associates with . Increased IL-6 promoter activity associates with rs1800795 "CC" genotype in fibroblasts but not in HeLa cells. A 2.1-kb IL-6 proximal promoter region from high (OA6) and low (OA502) IL-6-expressing fibroblasts containing the rs1800795 C and G alleles, respectively, was cloned into the pGL4.10 luciferase vector. Additional polymorphisms in linkage disequilibrium with rs1800795 were also present. High-expressing pOA6_(+CT)AA 8 T 12 C haplotype: "rs32615820" +CT, rs1800797 "A," AT run A 8 T 12 , rs1800975 "C." Lowexpressing pOA502_(-CT)GA 9 T 11 G haplotype: "rs32615820" -CT, rs1800797 "G," AT run A 9 T 11 , rs1800975 "G." Luciferase vectors were transfected into fibroblasts (A) or HeLa cells (B). Luciferase activity was measured after overnight incubation in 10% serum-containing media for fibroblasts (A) or with or without an additional 10 ng/mL TNF-α in HeLa cells (B). Relative luciferase activity calculated by dividing luciferase activity by cotransfected, constitutively active Renilla activity (synovial fibroblasts n = 4; dermal fibroblasts n = 3; HeLa n = 4). Statistical analysis by paired t test: *P = 0.0109, **P = 0.0388.
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H3K4me1 (scale 0-25) H3K4me2 (scale 0-35) H3K4me3 (scale 0-20) H3K27me3 increased serum IL-6 levels (12), endothelial dysfunction (26), or joint erosions (28) . At other times, the minor allele associates with poor treatment responses (29) (30) (31) or increased IL-6 levels and cardiovascular risk (27) . Given these divergent reports, we were surprised to identify a reproducible association between the IL-6 proximal promoter SNP rs1800795 CC genotype and high-fibroblast IL-6 production. The absence of association between this SNP and IL-6 expression in monocytes was equally striking. Luciferase expression driven by cloned IL-6 proximal promoters confirmed the role of genetic variation in this effect, with the haplotype containing the minor allele (C) having higher transcriptional activity than the corresponding major allele (G) haplotype in synovial and skin fibroblasts (Fig. 5) . In contrast, no difference in transcriptional activity by haplotype was seen in HeLa cells. This lack of effect in HeLa cells confirms one prior study (21) , but stands in contrast to another report that showed the rs1800795 major allele (G) drove higher transcriptional activity (12) . These differences may be due to varying promoter DNA lengths cloned into expression vectors, with the study that showed a difference using a significantly shorter promoter sequence.
Similar to our observations, others have reported lack of association with rs1880795 in the ECV304 (21), human endothelial (32), and peripheral blood mononuclear cells (33) basally or after stimulation with proinflammatory cytokines. An additional study reported that IL-6 expression in macrophages and B cells did not vary with rs1800795 in unstimulated cells, but did show higher transcriptional activity after norepinephrine stimulation from DNA constructs containing the major allele (G) (17) . Taken together, these data indicate that genetic variation at the IL-6 locus has profoundly different effects depending on cell type and stimulation, with the rs1800795 SNP having a prominent effect on fibroblast IL-6 regulation.
In fibroblasts, no or modest differences in IL-6 expression are seen between rs1800795 major allele (G) homozygotes or heterozygotes. Rather, increased IL-6 expression correlates most strongly with a minor allele homozygote genotype. In addition, rs1800795 is in tight linkage disequilibrium with other genetic variation in the IL-6 proximal promoter, and our data adds an additional possible genetic variant, a CT addition/depletion 1,541 bp upstream from the TSS (Fig. 5 and Table S1 ). It is not clear which genetic variation is critical for IL-6 regulation. However, given that different effects of transcriptional activity were seen in HeLa cells using different length promoter constructs (our study and refs. 12 and 21), a cooperative effect between multiple loci should be considered.
Our epigenetic analysis using the NIH Roadmap and ENCODE databases showed striking differences between fibroblasts and monocytes at the IL-6 promoter. Fibroblast IL-6 promoters showed open chromatin, even in an unstimulated state, with histone methylation patterns consistent with gene activation (Fig. 6) . Macrophages, in contrast, had less open chromatin with methylation patterns consistent with a poised, ready-to-respond state. This pattern supports prior work showing tight control of IL-6 production in macrophages but sustained production in synovial fibroblasts (34) . Interestingly, although CpG DNA methylation is associated with low gene expression, our analysis showed poor correlation between IL-6 expression and promoter CpG methylation (Fig. S4) , supporting a recent genome-wide integrative analysis that showed CpG methylation poorly predicts gene expression without additional epigenetic context (22) .
We do not understand how IL-6 promoter genetic variation drives fibroblast IL-6 expression. We speculate that histone acetylation or transcription factor binding may be regulated in an allele-specific fashion. A Japanese study showed synovial fibroblast segregation based on IL-6 expression and promoter nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB) binding (35) . However, because the Japanese population has low rs1800795 minor allele frequency, it is unlikely to be associated with IL-6 expression in this population. Our study showed allelespecific differences in IL-6 production regardless of disease state (OA versus RA) or tissue (synovium versus skin), pointing to a more general regulation mechanism. The above study also reported that IL-6 expression is lower in OA compared with RA fibroblasts. Differences between OA and RA fibroblasts are more likely seen in freshly isolated or early passage fibroblasts, pointing to additional complexity in the synovial regulation of IL-6.
This study highlights the complexity in determining how genetic variation affects protein expression contributing to disease development. We show that genetic differences in the proximal promoter changed IL-6 production in fibroblasts but not monocytes. This result has important implications for the interpretation of genetic association studies. For proteins such as IL-6 produced by many different cell types, determining whether a genetic polymorphism correlates with overall disease risk or modifies particular disease aspects (e.g., treatment response or cardiovascular risk) likely depends on how that polymorphism affects protein expression in the cells responsible for that phenotype. Clearly, a one-size-fits-all approach to evaluating biologic effects of genetic variation will likely miss important details of gene regulation. Understanding how a given genetic locus alters disease must consider not only the pathways that a locus sits in, but also how those pathways are expressed in different cells and tissues.
Methods
All primers sequences and additional experimental details are described in SI Methods. Ethics Statement. All human sample research was approved by the Brigham and Women's Hospital Institutional Review Board, and informed consent was obtained from each blood donor volunteer as part of the Brigham and Women's Hospital Phenogenetics Project.
Cells, Media, and Culture Conditions. Human synovial fibroblasts were isolated and cultured as described from discarded surgical specimens (16) . Human skin fibroblasts were isolated from discarded human foreskin specimens by dermal fragment digestion after epithelial removal by dispase and serially passaged. Human CD14 + monocytes were isolated by CD14 + magnetic bead positive selection (Miltenyi Biotec) from thawed peripheral blood mononuclear cells obtained from Brigham and Women's Hospital Phenogenetics. Project donors were selected by SNP rs1800795 genotype.
Cell Stimulation Assays. Human skin and synovial fibroblasts were serumstarved overnight in 1% FBS-containing media before stimulation as indicated.
Freshly isolated CD14 + monocytes were plated in RPMI 1640 media containing FBS (2% total volume), L-glutamine, and Hepes without or with indicated stimuli. Reagents include the following: Human TNF-α, IL-1β, and ELISA kits for IL-6, CCL2, and MMP-3 (R&D Systems); Samonella LPS (Sigma-Aldrich).
RNA Studies. RNA was isolated by using manufacturer's instructions (RNeasy Micro kit; Qiagen) and analyzed by quantitative reverse-transcription PCR (qRT-PCR; QuantiTect Reverse Transcription kit, Qiagen; Brilliant III Ultra-Fast SYBR Green, Agilent). Synovial fibroblast mRNA stability was measured after overnight stimulation with 1 ng/mL TNF-α followed by transcriptional inhibition with actinomycin D (5 μg/mL). RNA isolated 0, 60, 90, and 240 min after actinomycin D addition was analyzed by qRT-PCR. RNA half-life (t 1/2 ) was calculated by using a nonlinear fit of the exponential decay (GraphPad Prism).
Restriction Fragment Length Polymorphism Genotyping. A 308-bp PCR product containing rs1800795 was amplified from isolated genomic DNA (DNeasy Blood and Tissue Kit; Qiagen) and digested with NlaIII. Agarose gel cleavage fragments based on rs1800795 allele: G: 236 bp, 72 bp; C: 125 bp, 111 bp, 72 bp.
Luciferase Assay. A 2.1-kb IL-6 promoter sequence was PCR amplified as described (36) from IL-6 high-expressing (OA6) and low-expressing (OA502) fibroblasts and ligated into the luciferase vector pGL4.10[luc2] (Promega) after digestion with XhoI and SacI. IL-6 promoter plasmids were cotransfected overnight with a control CMV promoter-driven Renilla luciferase (ratio 19:1) by using Lipofectamine 3000 (Life Technologies) following manufacturer's directions and then incubated in 10% FBS containing media with or without TNF-α as indicated. Luciferase assays were performed by using the Dual-Glo Luciferase Assay system (Promega).
Epigenetic Assays. The WashU Epigenome Browser was used to analyze epigenetic factors and transcription factor binding in the IL-6 proximal promoter. DNase hypersensitivity was measured by using the EpiQ Chromatin Analysis Kit (Bio-Rad). ChIP was performed by using anti-CTCF, anti-H3K4me3, or anti-H3K27me3 or appropriate isotype controls antibodies (Millipore) on DNA isolated from formaldehyde fixed cells that were lysed and sonicated. Promoter binding was assayed by qPCR.
